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Nodal and Lefty2 in the left lateral plate mesoderm depends on the LR
signals generated in the node. The initial symmetry breaking event in
the node occurs due to the unidirectional rotation of node cilia
creating a leftward flow of extra-embryonic fluid over the node
surface known as nodal flow. It is believed that the node cells arise
from the anterior part of the primitive streak, which is also a source of
definitive endoderm cells, suggesting a common precursor lineage.
This study explores how endoderm is required for node structure and
function as well as transfer of LR signals from the node to the left
lateral plate mesoderm. To examine endoderm function in LR
development, we have investigated the role of Sox17, a HMG-box
transcription factor required for endoderm development in mice. Our
analysis reveals that Sox17 is expressed in migrating lateral
endoderm cells during early gastrulation and in endoderm cells
neighboring the node. Mutant embryos were found to show loss of
Nodal expression in the lateral plate mesoderm and defects in heart
looping morphogenesis, suggesting LR defects. Examination of the
mutant node revealed defects in cilia formation and abnormal node
shape. Further detailed investigation of the cause of these defects in
mutants will reveal new insights into the requirement of endoderm
at different stages of LR determination.
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Nodal signaling plays a conserved role in directing leftright
asymmetry. In zebrafish, left-sided Nodal gene expression in the
developing lateral plate mesoderm and diencephalon is required for
the subsequent asymmetric placement of visceral organs and for
asymmetric brain patterning. We do not fully understand how left-
sided gene expression is initiated or maintained in these tissues. Our
work with two mutants that disrupt asymmetric Nodal expression,
tiger and schnitter, will improve our understanding of how Nodal is
restricted to the left-side of developing tissues. tiger mutants show
randomized Nodal expression. Intriguingly, tiger mutants also have
kidney cysts and immotile kidney cilia. Other mutants have linked
cilia function to leftright defects and kidney cyst formation. Cilia in
Kupffer's vesicle are required for asymmetric Nodal gene expression;
cilia function is similarly important for normal kidney function.
Together, these results suggest that the tiger gene is required for
normal cilia function. Unlike tiger, schnitter mutants only affect Nodal
expression in the brain. Intriguingly, the earliest phenotype in
mutants is a failure to undergo brain ventricle morphogenesis. But
left-sided Nodal gene expression is maintained in nagie oko, another
brain ventricle morphogenesis mutant. Together, these results
suggest that the schnitter gene's role in restricting Nodal in the
diencephalon is distinct from its role in brain ventricle morphogen-
esis. We will present our progress with cloning the genes disrupted in
these mutants and characterizing their mutant phenotypes.
doi:10.1016/j.ydbio.2009.05.133
Program/Abstract # 113
AlphaKAP, a catalytically inactive CaMK-II, is required for
left/right patterning
Ludmila Francescatto, Sarah C. Rothschild, Robert M. Tombes
Department of Biology, Virginia Commonwealth Univ., Richmond,
VA 23284, USA
Laterality disorders, such as situs ambiguous, arise by misplace-
ment of one or more organs across the leftright (LR) axis, but their
genetic causes have yet to be fully clarified. It is believed that calcium
ion (Ca2+) plays a role in LR patterning, both before and after
formation of the embryonic node. In zebrafish, (Ca2+) has been
implicated in both Kupffer's vesicle formation and function. One
likely (Ca2+) target is the calmodulin-dependent protein kinase,
CaMK-II. There are four mammalian CaMK-II genes: alpha, beta,
gamma, and delta. In zebrafish, CaMK-II is encoded by at least seven
genes: alpha, beta1, beta2, gamma1, gamma2, delta1 and delta2. An
additional gene product, alphaKAP, relies on an alternative promoter
within the alpha1 gene. AlphaKAP lacks the catalytic domain, but
includes a membrane spanning domain and is known to hetero-
oligomerize with and thus target catalytically active CaMK-II to the
sarcoplasmic reticulum (SR) of myocardium and skeletal muscle.
Non-nuclear alphaKAP splice variants were sequenced from both
maternal and 48hpf zebrafish mRNA. Morpholino knockdown of
alphaKAP causes mis-expression of mesodermal asymmetry markers,
such as southpaw, at 12 somites and yields cardiac and visceral organ
laterality defects. Suppression of alphaKAP also distorts somites and
significantly reduces heart rates at 48 and 72hpf. Therefore, in
addition to its established roles in excitationcontraction coupling in
myocardium, alphaKAP influences LR patterning during early embry-
ogenesis presumably by targeting catalytically active CaMK-IIs to
membranes.
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Vertebrates have internal asymmetries about the leftright (LR)
axis, including asymmetric placement of organs. Correct organ
placement is critical for proper embryonic development and
survival. Understanding the genetic pathways involved in establish-
ing proper LR patterning in the embryo is vital to understanding
how these defects may arise. Here, we describe a novel zebrafish
mutation that affects proper LR patterning and delays develop-
mental progression. LR patterning is disrupted in early mutant
embryos by a randomization of asymmetric nodal and in older
embryos by abnormal LR brain patterning and organ situs.
Interestingly, these mutants also show a progressive developmental
delay, particularly during somitogenesis, but are homozygously
viable. Many mutations that affect LR patterning also form kidney
cysts at 2 to 3days post fertilization (dpf). However, fish with this
novel mutation develop small kidney cysts around 6dpf. Mutations
that display both LR patterning defects and kidney cysts typically
display defects in cilia motility. Excitingly, upon investigation of cilia
in the kidneys of these mutants, we have determined that the cilia
appear structurally intact and have wildtype movement. This is one
of the first examples of a mutant that develops tubule cysts, yet has
normal cilia motility. We are currently mapping the identity of this
novel mutation within the zebrafish genome and have narrowed
down the region to approximately 400kB. The gene this mutation
maps to will undoubtedly uncover important mechanistic insights
into LR patterning and shed light on how kidney cysts can form
even in the presence of motile cilia.
doi:10.1016/j.ydbio.2009.05.135
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